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SEDIMENT SAMPLING TIDAL WATERWAYS 


Large amounts public and private funds are expended annually for main- 
tenance dredging navigation channels tidal waterways and the adjacent 
berthing areas. only natural that consequence many small-scale hy- 
draulic model investigations and number prototype field investigations 
have been undertaken study ways and means eliminating mitigating the 
shoaling problem, and the process, determine the nature and causes 
the shoaling and the sources the material which forms the shoals. this 
end some the field programs have included the collection samples sus- 
pended sediment from the tidal waterways both limited and extensive quan- 
tities. occasion the field investigations have been entered into lightly 
without benefit competent advice, and extensive sampling has been per- 
formed without the investigator recognizing how representative the results 
might without giving much thought results will used. This 
paper devoted that aspect prototype investigations concerned with sam- 
pling suspended sediment tidal waterways, dealing specifically with the 
question accuracy measurements total sediment-discharge given 
cross sections estuary, and with the value few well-planned and -exe- 
cuted operations provide information the hydraulic and sediment char- 
acteristics the waterway. 

some instances the investigator may feel that solution the shoaling 
problem requires knowledge the total discharge sediment estuary, 
but should recognize that the procurement such information direct 
observation Herculean task, and impracticable, not impossible, 
obtain results with the same degree accuracy and reliability are obtained 
from similar measurements upland stream where the flow uni-direc- 
tional and sensibly constant and the water homogeneous density. This 
conclusion was reached the Committee Tidal Hydraulics the Corps 
Engineers long overdue study the problems associated with the meas- 
urements the sediment load transported tidal waterways, and was gen- 
erally concurred many the organizations and individuals provided 
with the opportunity reviewing and commenting upon brief the problem 
furnished the Committee2. 

The many unique characteristics estuary which complicate the prob- 
lem measuring the total sediment discharge are listed the above-men- 
tioned brief follows: 


The discharge rapidly variable. 


Hydraulic Engineer, Charleston District, Corps Engineers, Army, 
Charleston, South Carolina. 

Discharge Measurements Tidal Waterways,’’ Committee 
Tidal Hydraulics, Corps Engineers, Army. (Scheduled for publish- 
ing 1954 bulletin the Committee.) 
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Velocity distribution varies the vertical and the horizontal 
independently the discharge variation. 


The regimen existing for the flow one direction 
discarded every six hours (approximately) and equally com- 
plex regimen, but different characteristics, set for flow 
the opposite direction. 


Successive ‘‘cycles’’ are not identical fact, are frequently 
quite different. 


The water some reach every estuary not homogeneous 
density, nor the difference constant.’’ 


The brief states ‘‘It readily apparent that determination the 
suspended sediment content made the surface estuary hour 1200 
not comparable with observation the bottom hour 1215. The discharge 
might have changed 25%in minutes. Likewise, sample taken 1215 
the bottom given location along the cross-section line can related 
logically one taken the bottom somewhere else along the line this re- 
spect only: they both contain water and sediment taken from the same 

The instantaneous fluctuation the current velocity another factor which 
affects the results. has been demonstrated that successive short-time ob- 
and two-minute intervals over period several minutes, will produce veloci- 
ties which vary much 20% 

All the above factors contribute materially the difficulties measur- 
ing accurately the quantity sediment discharge tidal waterways, but cer- 
tain research conducted the Charleston, South Carolina, District the 
Corps Engineers, has revealed that there still another contributing factor 
important, more important, than the ever-changing tidal flow and density 
currents mentioned above. This factor the considerable variation concen- 
tration the suspended sediment both temporally and spatially tida] water- 
ways. The research has indicated that variations sediment concentration 
can expected ranging from few percent 1,000 percent, more, for 
samples taken only few feet few minutes apart. Considerable the 
sediment, doubt, moves slugs, speak, and this phenomenon has fre- 
quently been observed the surface the harbor both under natural conditions 
and connection with maintenance dredging operations. The sediment not 
mixed and distributed uniformly throughout the tidal water might 
supposed. The variations tidal flow, unquestionably, are largely responsible 
for the variations sediment concentration, and the two phenomena cannot 
disassociated from one another. Apparently, however, the order variation 
sediment concentration greater, and since sediment load the product 
the sediment concentration and the discharge, has more influence the 
computation results. order clarify the several significant conclusions 
which are drawn from this revelation, pertinent describe briefly 
some the sampling operations which were conducted Charleston Harbor, 
and the objectives these operations. 

For several years, from 1948 through 1953, the Charleston District the 
Corps Engineers conducted extensive investigations the harbor, both 
the prototype and small-scale hydraulic model, determine the causes 
and remedial measures for the greatly increased rate shoaling the inner- 
harbor navigation channels. These investigations embraced many fields 
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work, but only the suspended sediment sampling and related operations the 
lower salt-water reaches the harbor are within the scope the subject 
matter under discussion. The operations the lower harbor were conducted 
with the objective learning much possible about the hydraulic, saline, 
and sedimentation characteristics the harbor; determine the nature, me- 
chanics, and causes the shoaling phenomena; and identify, possible, 

the sources shoaling and their significance. These involved, 
among other things, determination the quantity sediment load transport 
throughout the harbor; which turn involved observations tidal heights, 
magnitudes and directions current velocities, and the procurement samples 
suspended sediment. 

Advisors the studies recommended against series disconnected com- 
prehensive sampling operations different days various ranges through- 
out the harbor, using number samplers simultaneously each cross 
section. Instead, they suggested program correlated operations which 
five six ranges would occupied and worked simultaneously, but with only 
one sampler each cross section, located the centroid discharge, 
two centroids one each for ebb and flood required. However, was 
difficult select these control stations from examination the plotted cross 
sections alone, and even more difficult determine the probable locations 
representative sediment concentrations and sediment discharges. Therefore, 
the original plan sampling each cross section separately and comprehen- 
sively for one condition tide was adopted. was hoped that these operations 
would provide the data required select the centroids sediment discharge, 
after which the recommended plan would followed and repeated for several 
different tidal conditions. These operations were conducted follows: Each 
cross section was explored throughout complete tidal cycle. From three 
five P-46 point-integrating suspended sediment samplers were distributed 
across the range and operated simultaneously, first the surface, then 
various increments depth succession the bottom. step prior ob- 
taining each sample was measuring the velocity required both for computing 
the discharge and sediment discharge and for determining the filling rate 
the sampler. From minutes were required explore and sample the 
entire cross section this fashion, and the process was repeated hourly dur- 
ing the tidal cycle, with extra observations velocities only the half-hour. 
The sediment discharge was then computed from these field measurements 
and the laboratory analyses the samples. 

Examination these data showed that the sediment concentration was very 
erratic, both with respect depth and width, and caused concern over the 
validity the measurements. was reasonable assume that had different 
stations the range been occupied, different values for sediment concentra- 
tion, and consequently, for sediment discharge, would have been obtained. 
Thus, the sampling half dozen, so, verticals cross section would 
not provide accurate representation the sediment load passing that cross 
section. 

special research operation was therefore planned and conducted with the 
aim collecting sediment data which would establish the validity the above 
assumption and useful evaluation the suspended-load measurements 
the methods being employed. Figure illustrates the technique employed 
this special operation. the top the figure, for comparison, 
layout cross section and five samplers for regular suspended-load meas- 
uring operation. STEP one bateau complete with sampler, current meter 
and other appurtenant gear was anchored over this cross section one the 
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established stations this case, Station 6+50 and four other bateaux 
similarly equipped were alongside and anchored; all touching each 
other. This placed the samplers closely together the widths the ba- 
teaux would permit, the distance between outside samplers being feet. 
all steps the operation being described, five samples, n\aking set, were 
obtained simultaneously with P-46 samplers. The velocity the current 
was measured immediately before obtaining each set samples order 
determine the filling rate the samplers. STEP sets were obtained 
4-minute intervals, the first set the surface and successive sets below the 
surface 8-foot depth increments, and the last two sets were obtained and 

feet above the bottom, respectively. The whole was then repeated 
twice more, for total three runs. The objective this instance was 
determine variation the sediment concentration with respect laterai dis- 
tance. STEP sets samples were obtained 3-minute intervals, and 
the sequence was different. Here, four successive sets samples were ob- 
tained the same depth, before proceeding the next depth for four more 
sets. The depths sampled were the surface and 16, 24, and 
the surface. The objective this instance was determine variation the 
sediment concentration with respect time. STEP differed from the others 
that single samples were obtained simultaneously five different depths. 
The objective here was determine variation sediment concentration both 
with respect depth and time. STEP was the same STEP except that 
the lateral spacing individual samplers was increased from 100 feet. 

Figures contain the suspended sediment results, and the applicable 
field procedure, for each the four steps the operation. Figure STEP 
indicates the spatial variation sediment concentration which existed. Each 
the three runs show five different answers each depth for each the five 
points spaced five feet apart. The least variation was found the upper stra- 
tum where concentrations were the order p.p.m.; and maximum 
deviations from the low the high values the surface and 8-foot depth 
ranged from 220 percent. The maximum variation was found depth 
one foot from the bottom where concentrations were the order 200 
and the third run, the high value was 640 percent greater than the 
low value. 

Figure STEP indicates the temporal variation sediment 
tion which existed. Although successive values for four the samplers the 
surface were fair agreement. sampler ‘‘D’’ produced values ranging from 
p.p.m., deviation from the low the high value 340 percent, 
within period minutes. the case STEP maximum variations 
were found near the bottom. 24-foot depth sampler produced values 
ranging from 306 p.p.m., and 28-foot depth sampler ‘‘E’’ produced 
values ranging from 138 p.p.m., within period minutes. The former 
results deviation from the low the high value 210 percent, and the 
latter, 260 percent. These deviations are increased 670 and 370 percent, 
respectively, the maximum and minimum values are considered each 
depth, but irrespective the particular samplers which produced the results. 
This reasonable consideration since from practicable standpoint the 
close spacing the samplers, effect, puts them the same vertical; the 
3-minute sampling interval, effect, makes successive samples nearly in- 
stantaneous; and the five samplers are supposed equally accurate. 

The results from STEPS and Figures and show the same trends 
the results from the first two steps. STEP with sampler spacing 100 feet, 
like STEP with sampler spacing feet, indicates the spatial variation 
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sediment concentration which existed. However, the order variation, par- 
ticularly the very lowest stratum, was greater. depth one foot from 
the bottom the values ranged from 6,085 p.p.m., 335 p.p.m., and 

347 p.p.m., for Runs and respectively. Overlooking the results 
for Run which svem out line. the deviations from the 
low the high values for Runs and are 1,870 and 1,140 percent, respec- 
tively. has been suggested that the excessive variation shown possibly could 
attributed the samplers resting the soft the estuary. How- 
ever, the investigators are reasonably certain that this was not the case. 
There are several ways determining this, one them being that under these 
circumstances the sampler would come empty. 

result the findings described herein, concluded that the con- 
siderable variation the sediment concentration which exists tidal water- 
ways, especially those cases where the material predominantly silt and 
clay particles, makes impracticable, not impossible, measure the quan- 
tity sediment discharge accurately. This, course, the same conclusion 
reached the Committee Tidal Hydraulics, based the ever-changing 
tidal flow, density currents, and other factors mentioned earlier this paper. 

The question arises whether knowledge the total discharge sedi- 
ment estuary direct observation worth the effort. The writer be- 
lieves that estimates approximations the sediment load have their value 
and that the direct observations made this connection are worth the cost 
and effort, provided that the shoaling problem important enough, provided 
that other needed information can obtained result conjunction 
with these sediment-sampling discharge-measuring operations, and long 
the number operations are kept within reasonable bounds. 

After the investigator has completed few exploratory operations and 
learned something the mechanics sediment transport the tidal water- 
way with which concerned, will have decide whether knowledge 
the sediment load necessary, and so, whether accurate answers are neces- 
sary whether reasonable approximations will suffice for his problem. The 
main point that recognizes the limitations the data. decides that 
information the sediment load desirable, should limit the number 
cross sections explored, and work these for several conditions tidal 
and fresh-water flow order obtain more representative data and estab- 
lish that the resulting trends the operations are line with each other. 

The implications the variations sediment concentration were recognized 
early the course the Charleston Harbor investigation. Nevertheless, 
was decided conduct limited number suspended load operations, since 

was felt that approximate answers quantity material transport would 
help supply some the answers the problems. For example, the three main 
tributaries Charleston Harbor are tidal throughout most their lengths, 

was out the question measure the sediment loads above the head 
tide. However, measurements the mouths the tributaries provided data 

support the conclusion that one tributary significant source potential 
shoaling material and the other two are not. These types measurements 
also showed that the net transfer material cross section may sea- 
ward, but the net transfer the bottom may inland; and the measurements 
gave some idea the quantities moving the upper and lower zones. Further- 
more, these operations provided information which was helpful under- 
standing the mechanics sediment transport the harbor. For example, 

was learned that the suspended sediment tidal waterway, unlike that 

river where stays suspension most the time, alternately goes the 
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bottom with the slackening current and rises the higher strata with the ac- 
celerating current. Finally, since other observations were made concurrently 
with the sampling, these operations were the means which much was learned 
about the hydraulic and saline characteristics the 

Notwithstanding the above remarks, the implications the variations 
sediment concentration tidal waterways should recognized. appears 
that there are sufficient grounds for questioning the validity the procedure 
measuring the sediment discharge cross section operating one sam- 
pler single vertical which has been previously rated, stream-gaging 
operations; and that not much better answers can obtained from the 
procedure, which one vertical continuously occupied and others are oc- 
cupied part time shuttling back and forth between them. Finally, good cor- 
relation probably not possible between data obtained simultaneously sev- 
eral ranges distributed throughout the saline portion the tidal waterway. 

The variation sediment rules out the so-called ‘‘control-net’’ scheme for 
correlating sampling results, which one two centroids control verti- 
cals are established each range and then occupied subsequent operations 
calling for simultaneous measurements perhaps five six ranges. 
believed that strictly valid comparisons cannot made data obtained simul- 
taneously two wide ranges defining given reach channel where, for 
example, three, four, five verticals each range are explored. These 
types operations have their value, course, but non-recognition the 
sediment variation could lead erroneous conclusions such matters 
the net movement sediment load, pick-up deposition various reaches 
the channel, etc. 
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